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(67)  An echo cancelation method is disclosed. The
method includes: dividing a to-be-processed audio signal
into a to-be-processed high-band audio signal and a to-
be-processed low-band audio signal; performing, by us-
ing an AEC module, adaptive filtering echo cancelation
processing on the to-be-processed low-band audio sig-
nal, and skipping performing adaptive filtering echo can-
celation processing on the to-be-processed high-band
audio signal, to generate a preliminary echo cancelation
signal; performing, by using an RES module, envelope
prediction echo suppression on a high-band signal in a
preliminary echo cancelation frequency domain signal,
and calculating and outputting a residual echo suppres-

ECHO CANCELLATION METHOD AND DEVICE

sion coefficient; performing, by using the RES module,
echo suppression on a low-band signal in a preliminary
echo cancelation frequency domain signal, and output-
ting a processing result; and multiplying the output result
and the residual echo suppression coefficient, and out-
putting a signal of which echoes are canceled. In addition,
an echo cancelation device is provided. In the embodi-
ments of the present invention, high-band processing
and low-band processing are separately performed on a
to-be-processed signal, thereby not only effectively re-
ducing a calculation amount of echo cancelation, but also
solving a problem of echo leakage existing on sub-band
edges in the prior art.
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Description

[0001] This application claims priority to Chinese Patent Application No.201210387313.8, filed with the Chinese Patent
Office on October 12, 2012 and entitled "ECHO CANCELATION METHOD AND DEVICE", which is incorporated herein
by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the audio signal processing field, and in particular, to an echo cancelation
method and device.

BACKGROUND

[0003] FIG. 1is a schematic diagram of an application scenario of an echo cancelation technology. A far-end signal
transmitted from a network passes through a CODEC, that is, the far-end signal is decoded by a CODEC module for
analogy-to-digital conversion, and then is sent to a loudspeaker for playing. A microphone collects a near-end signal,
and at the same time collects the far-end signal (namely, an echo) played by the loudspeaker. After echo cancelation
processing is performed on signals collected by the microphone, echoes in the signals collected by the microphone are
canceled, and only the near-end signal is left. The near-end signal is coded by the CODEC module and then is sent to
a far end via the network. If the echoes in the signals collected by the microphone are not canceled, after the signals
are sent to the far end, the far end hears a sound of its own. A purpose of the echo cancelation technology is to cancel
echoes as much as possible, and reserve the near-end signal.

[0004] Echo cancelation processing generally includes two parts: AEC (Adaptive Echo Canceller) adaptive echo can-
celation and RES (Residual Echo Suppressor) residual echo suppression. In the adaptive echo cancelation, an adaptive
filter is used to simulate a spatial echo path, and cancel the echoes in the signals collected by the microphone. Generally,
due to impact of factors such as noise, an AEC module cannot completely cancel the echoes, and therefore an RES
module needs to further perform echo suppression processing on a residual echo. Adaptive filtering has such algorithms
as: NLMS, RLS and MDF (Multidelay block frequency domain adaptive filter) algorithm, where the MDF algorithm is an
implementation form of the NLMS algorithm in a frequency domain. When a reverberation time is relatively long and a
sampling rate is relatively high, an adaptive filter needs a very long order. For example, when the reverberation time is
300 ms and the sampling rate is 48 khz, a required order is 48000x0.3=14400; as a result, a calculation amount of the
adaptive filter is great, thereby increasing a device cost. The present invention provides an echo cancelation algorithm
of low complexity.

[0005] In the prior art, to reduce complexity, adaptive sub-band filtering is used to solve the problem.

[0006] As shown in FIG. 2, sub-band division is performed separately for a near-end signal d(n) and a far-end signal
x(n), and a bandwidth of each sub-band is 250 Hz; therefore, for 8 KHz, there are 16 sub-bands in total; for 16 KHz,
there are 32 sub-bands in total; for 32 KHz, there are 64 sub-bands in total. Echo cancelation is performed for each sub-
band by using the NLMS algorithm, and integration is performed for the sub-bands to obtain a residual echo signal.
[0007] However, in the prior art, at least the following problem exists:

Echo leakage exists on sub-band edges. It is found by debugging that an echo attenuation amount of a sub-band
adaptive filter is obviously insufficient on the sub-band edges, and a strong single-frequency signal (which sounds
like a bang, and relatively affects a subjective feeling) is usually left.

SUMMARY

[0008] In view of this, it is necessary to provide an echo cancelation method and device, so as to solve the foregoing
problem.
[0009] An embodiment of the present invention provides an echo cancelation method, and the method includes:

dividing a to-be-processed audio signal into a to-be-processed high-band audio signal and a to-be-processed low-
band audio signal;

performing, by using an AEC module, adaptive filtering echo cancelation processing on the to-be-processed low-
band audio signal; and

performing, by using an RES module, envelope prediction echo suppression on the to-be-processed high-band
audio signal, performing echo suppression on the

[0010] to-be-processed low-band audio signal, and outputting a signal after processing. By using the method, not only
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a calculation amount in echo cancelation is effectively reduced, but also a problem of echo leakage existing on sub-
band edges is solved.
[0011] In addition, an embodiment of the present invention provides an AEC module for echo cancelation, including:

a reference signal analysis filter, configured to process a reference signal into a high-band reference signal and a
low-band reference signal, output the high-band reference signal to an artificial echo synthesis filter, and output the
low-band reference signal to an adaptive filter;

a to-be-processed audio signal analysis filter, configured to process a to-be-processed audio signal into a to-be-
processed high-band audio signal and a to-be-processed low-band audio signal, output the to-be-processed high-
band audio signal to a preliminary echo cancelation signal synthesis filter, and output the to-be-processed low-band
audio signal to the adaptive filter;

the adaptive filter, connected to the reference signal analysis filter and the to-be-processed audio signal analysis
filter, and configured to perform adaptive filtering processing on the low-band reference signal to generate a low-
band artificial echo signal, and output the low-band artificial echo signal to the artificial echo synthesis filter; perform
adaptive filtering processing on the to-be-processed low-band audio signal to generate a low-band preliminary echo
cancelation signal, and output the low-band preliminary echo cancelation signal to the preliminary echo cancelation
signal synthesis filter;

the artificial echo synthesis filter, connected to the adaptive filter and configured to synthesize the high-band reference
signal and the low-band artificial echo signal into an artificial echo signal, and output the artificial echo signal to an
RES device; and

the preliminary echo cancelation signal synthesis filter, connected to the adaptive filter and configured to synthesize
the to-be-processed high-band audio signal and the low-band preliminary echo cancelation signal into a preliminary
echo cancelation signal, and output the preliminary echo cancelation signal to an RES module.

[0012] In addition, an embodiment of the present invention further provides an RES module for echo cancelation,
including:

an FFT transformation module, configured to perform FFT transformation on a reference signal, a to-be-processed
audio signal, an artificial echo signal, and a preliminary echo cancelation signal, to generate a reference frequency
domain signal, a to-be-processed frequency domain audio signal, an artificial echo frequency domain signal, and
a preliminary echo cancelation frequency domain signal, respectively; and input the to-be-processed frequency
domain audio signal, the artificial echo frequency domain signal, and the preliminary echo cancelation frequency
domain signal to an RES low-band module, and input the reference frequency domain signal and the preliminary
echo cancelation frequency domain signal to an RES high-band module;

the RES high-band module, configured to perform envelope prediction echo suppression on a high-band signal in
the preliminary echo cancelation frequency domain signal, and calculate and output a residual echo suppression
coefficient; and

the RES low-band module, configured to perform echo suppression on a low-band signal in the preliminary echo
cancelation frequency domain signal, and output a processing result.

[0013] The device not only effectively reduces a calculation amount in echo cancelation, but also solves a problem of
echo leakage existing on sub-band edges.

BRIEF DESCRIPTION OF DRAWINGS

[0014] To describe the technical solutions in the embodiments of the present invention or in the prior art more clearly,
the following briefly introduces the accompanying drawings required for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following description show merely some embodiments of the present
invention, and persons of ordinary skill in the art may still derive other drawings from these accompanying drawings
without creative efforts.

FIG. 1 is a flowchart of a method in the background of the present invention;

FIG. 2 is a flowchart of a method in the prior art in the background of the present invention;

FIG. 3 is a structural diagram of a device according to Embodiment 1 of the present invention;

FIG. 4 is a flowchart of a method according to Embodiment 1 of the present invention;

FIG. 5 is a flowchart of a method according to Embodiment 1 of the present invention;

FIG 6 is a flowchart of a method according to Embodiment 1 of the present invention;

FIG. 7 is a reference diagram of a sub-band division manner according to Embodiment 1 of the present invention;
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FIG. 8 is an exemplary diagram of an echo impulse response and an energy decay curve according to Embodiment
1 of the present invention; and

FIG. 9 is a flowchart of QMF analysis and processing by a synthesis filter according to Embodiment 1 of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0015] To make the objectives, technical solutions, and advantages of the embodiments of the present invention
clearer, the following clearly and completely describes the technical solutions in the embodiments of the present invention
with reference to the accompanying drawings in the embodiments of the present invention. Apparently, the described
embodiments are some but not all of the embodiments of the present invention. All other embodiments obtained by
persons of ordinary skill in the art based on the embodiments of the present invention without creative efforts shall fall
within the protection scope of the present invention.

[0016] An embodiment of the present invention provides an echo cancelation method, so as to cancel an echo in a
to-be-processed audio signal and output a signal of which echoes are canceled.

[0017] Referring to FIG. 3, a reference signal x(n) (namely, a far-end signal, where the reference signal and the far-
end signal have a same meaning in this disclosure) is output to a loudspeaker for playing; a microphone collects a to-
be-processed audio signal d(n), where the to-be-processed audio signal includes an echo signal y(n), a local-end signal
s(n) and a noise v(n); the to-be-processed audio signal is processed by using an AEC module and an RES module to
cancel the echo signal y(n) and the noise v(n) and to reserve the local-end signal. Specifically, referring to FIG. 4, the
method includes the following steps:

S1: An AEC module performs preliminary echo cancelation processing on a to-be-processed audio signal, and
generates a preliminary echo cancelation signal e(n).

[0018] The AEC module processes a reference signal x(n) and the to-be-processed audio signal d(n), outputs the
preliminary echo cancelation signal e(n), an artificial echo signal y’(n), and a low-band echo filtering coefficient H(k) of
a frequency domain; and outputs the reference signal x(n) and the to-be-processed audio signal d(n) to an RES module.
Specifically, the step includes:

1. Generate an artificial echo signal y’(n) according to a reference signal x(n) .

[0019] After the reference signal x(n) is processed by a QMF analysis filter, a high-band reference signal x;;(n) and a
low-band reference signal x,,,,(n) are generated; the high-band reference signal x,(n) is output to a QMF synthesis filter
and the low-band reference signal x,,,(n) is output to an adaptive filter.

[0020] After the low-band reference signal x,,,,(n) is processed by the adaptive filter, a low-band artificial echo signal

¥, (7} is generated, and is output to the QMF synthesis filter.

[0021] After the high-band reference signal x,,(n) and the low-band artificial echo signal y,'aw(n) are processed by
the QMF synthesis filter, the artificial echo signal y’(n) is generated, and is output to an RES module.

2. Generate the preliminary echo cancelation signal e(n) according to the to-be-processed audio signal d(n).

[0022] After the to-be-processed audio signal d(n) is processed by the QMF synthesis filter, a to-be-processed high-
band audio signal dy;(n) and a to-be-processed low-band audio signal d,,,(n) are generated; the to-be-processed high-
band audio signal d;;(n) is output to the QMF synthesis filter.

[0023] The low-band artificial echo signal y;ow(n) subtracted from the to-be-processed low-band audio signal d,,,,(n),
to obtain a low-band preliminary echo cancelation signal e, (n), and the low-band preliminary echo cancelation signal
epw(n) is output to the QMF synthesis filter module.

[0024] After the to-be-processed high-band audio signal dj;(n) and the low-band preliminary echo cancelation signal
eow(n) are processed by the QMF synthesis filter, the preliminary echo cancelation signal e(n) is generated, and is
output to the RES module.
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3. Obtain the low-band echo filtering coefficient H(k) of the frequency domain by calculation by the adaptive filter in a
process of processing the low-band reference signal.

[0025] In addition, the AEC module further outputs the reference signal x(n) and the to-be-processed audio signal d(n)
to the RES module, where the reference signal x(n) and the to-be-processed audio signal d(n) are used as ancillary
signals for the RES module to perform further echo cancelation processing.

[0026] S2: An RES module further performs echo cancelation processing on the preliminary echo cancelation signal
e(n), and generates a signal of which echoes are canceled, referring to FIG. 5.

[0027] S201: The RES module performs fast Fourier transformation (FFT, Fast Fourier Transformation) separately
on the reference signal x(n), the to-be-processed audio signal d(n), the artificial echo signal y’(n), and the preliminary
echo cancelation signal e(n), to generate a corresponding reference frequency domain signal X(k), a to-be-processed
frequency domain audio signal D(k), an artificial echo frequency domain signal Y’(k), and a preliminary echo cancelation
frequency domain signal E(k), respectively; inputs the to-be-processed frequency domain audio signal D(k), the artificial
echo frequency domain signal Y’(k), and a residual frequency domain echo signal E(k) to an RES low-band module,
and inputs the reference frequency domain signal X(k), the low-band echo filtering coefficient H(k), and the preliminary
echo cancelation frequency domain signal E(k) to an RES high-band module.

[0028] S203: The RES high-band module performs envelope prediction echo suppression on a high-band signal in
the preliminary echo cancelation frequency domain signal E(k) (a high-band signal for short), and calculates and outputs
a residual echo suppression coefficient G,4(k), the RES low-band module performs echo suppression by using an
existing echo suppression technology on a low-band signal in the preliminary echo cancelation frequency domain signal
E(k) (a low-band signal for short), and outputs a processing result, referring to FIG. 6.

[0029] It should be noted that, to eliminate an aliasing effect, the high-band signal and the low-band signal overlap. If
there are 512 spectral lines, the RES low-band module performs residual echo suppression on spectral lines 1 to 263,
and the RES high-band module performs suppression on spectral lines 231 to 512; therefore, 32 spectral lines overlap
in total.

1. A process of calculating the residual echo suppression coefficient by the RES high-band module is as follows:
calculating a gain of each sub-band according to energy E(i) of each sub-band of the preliminary echo cancelation
frequency domain signal E(k), energy U(i) of each sub-band of the reference frequency domain signal X(k), energy
E{(i) of each sub-band of a residual echo frequency domain signal, a high-band envelope prediction coefficient g[,
and an attenuation factor factor of the high-band envelope prediction coefficient; and calculating a gain Gy4(k) of
each spectral line of the high band, namely, a residual echo coefficient, according to the gain of each sub-band.
Specifically, the process includes:

(1) Calculate the energy E(i) of each sub-band of the preliminary echo cancelation frequency domain signal
E(k), the energy U(i) of each sub-band of the reference frequency domain signal X(k), the energy E(i) of each
sub-band of the residual echo frequency domain signal, the high-band envelope prediction coefficient g(i), and
the attenuation factor factor of the high-band envelope prediction coefficient.

A. The RES high-band module estimates an echo of the high band by using an envelope prediction method,
and then performs suppression. The so-called envelope prediction is a manner of estimating, without con-
sidering an effect of a phase, energy of an echo of a current frame by using energy of a reference signal
of several previous frames in the frequency domain, which is shown in the following formula:

Eo) =Y g6)U,0)
=0 (1)

In the formula, i represents a serial number of a divided sub-band in the frequency domain, and L is a
quantity of frames used for the envelope prediction; gj(i) represents the first coefficient of the ith sub-band,
and U_(i) represents energy of the ith sub-band of the first frame in the reference frequency domain signal
X(k). When a quantity of spectral lines is 512, for a sub-band division manner of the high-band RES,
reference is made to FIG. 7, where there are 5 sub-bands in total, and the sub-bands overlap in a triangular
window manner.

It should be noted that, in this embodiment, the sub-bands overlap in the triangular window manner, to
which it is not limited, and the sub-bands may also overlap in a sine window or rectangle window manner.
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E(i) represents energy, estimated for the ith sub-band, of a residual echo frequency domain signal. As
described above, the to-be-processed audio signal d(n) includes three parts: the echo signal y(n), the local-
end signal s(n), and the noise v(n). After the AEC module performs preliminary echo cancelation processing
on the to-be-processed audio signal d(n), the preliminary echo cancelation signal e(n) is generated. After
FFT transformation is performed on the signal, the preliminary echo cancelation frequency domain signal
E(k) is generated. Therefore, the preliminary echo cancelation frequency domain signal E(k) also includes
three parts: the residual echo frequency domain signal, a local-end frequency domain signal, and a noise
frequency domain signal.

B. A formula for calculating U(i) is as follows:

kh(i) )
U@)= > wOX®)
In the formula, ki(i) represents a start frequency of the it sub-band, kh(i) represents an end frequency of

the ith sub-band, and w,(i) represents a weight coefficient of each frequency. If kc(i) is a central frequency
of the ith sub-band, a value of w,(j) is calculated by using the following formula:

~_ (k-KQO)) o o
w, (i) = (kc(i) — kl(i)) k >= k(i) & &k <= kc(i)

o, k—ke()) . s
w, (i) =1 (kh(i) — kc(i)) k > ke(i) & &k <= kh(i) )

where, a value of kl(i) is kc(i-1), and a value of kh(i) is kc(i + 1); by using these values, a smooth effect of
a sound can be enhanced.

In the foregoing manner of calculating U(i), energy of each sub-band of the preliminary echo cancelation
frequency domain signal E(k) may be calculated:

0]

E@ =Y w@E®K)

ke=Hi(3) @

C. If an echo impulse response h,(i) of each sub-band is known, the envelope prediction coefficient g,(/)
may be calculated as follows:

g)= 3 h()*h, ()

n={*¥ (5)

In the formula, N represents a frame length. Because only the low-band echo filtering coefficient H(k) can
be obtained, a high-band filtering coefficient can only be approximated by using the low-band echo filtering
coefficient. A specific implementation method is: performing IFFT transformation on H(k) to obtain a low-
band impulse response of a time domain, and then performing high-pass filtering to obtain a high sub-band
impulse response h0,, ; then, calculating the envelope prediction coefficient by using the foregoing formula:
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PN+ N-1

gi(i)z Zhﬂn *kon
=[N (6)

It may be seen from the foregoing formula that each sub-band of the high band uses a same envelope
prediction coefficient.

D. An attenuation factor factor of the envelope prediction coefficient is calculated. FIG. 8 is an example of
an echo impulse response and an energy decay curve (EDC). It may be seen that the EDC is basically
linear in a middle part. The EDC is defined as:

LEN
EDC(i)=10*1ogl0| > &, *h,
()

where i represents a time point; if an impulse response is divided into L frames, the EDC of each frame is
calculated as follows:

{L*N

EDC(l)=10*logl0| > h, *h,

\n=l"N

[ L
=10*logl0 ng
m=]

(8)

for a frame EDC, an EDC slope means an EDC difference between adjacent frames, that is:

where q is the EDC slope. Therefore,

[ L L
g=10%*1og10| > g, [-10*logl0| > g,

\ =] m=]-1
(¥
2 &n

m={

L
2.8,
\m={~1

w0 A
2 8n
m=]

Z En

m={~1 (10)

=10%*logl0

~10*logl0

The attenuation factor of the envelope prediction coefficient between the adjacent frames is:
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fﬂCtﬂT‘z gm /gm—l (11)

then,

g=10% long(facz‘or)

factor =107 (12)

In this way, the attenuation factor of the envelope prediction coefficient can be calculated by calculating
the slope q of the EDC. The slope of the EDC may be calculated by using a linear recurrence method. It
may be seen that, except initial tens of milliseconds belonging to an early-stage echo, the EDC is linear,
thatis, the attenuation factor of the envelope prediction coefficient is a fixed value. A relatively large quantity
of frames are used when an echo is estimated by using the envelope prediction coefficient. For example,
if an echo tail lasts for 256 ms and a length of each frame is 8 ms, 32 frames are required; as a result, a
larger storage space and calculation amount are required, while by using a feature that the attenuation
factor is a fixed value, the storage space and calculation amount may be reduced. A specific method is as
follows:

Ei)=> g,0)U,()+ 3 &)U, ()

I=]0+41

1o
=> (WU ()+E,, @)
=0 (13)

In the formula, a value of O is 7, that is, the first 8 frames (64 ms) are considered as the early-stage echo,
and echoes following the first 8 frames are considered as a later-stage echo. The later-stage echo is
represented by T:'r,m(/), where m represents a current frame and r represents the later-stage echo. By using
a formula factor = g,/ g, , an approximate estimation manner of T:'r,m(/) may be obtained:
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E =Y g®OU,0)

I=I04+1

~ igl(i)U—[(i)

I1=10+1

= igl(i)U_l (D) + 2100 (DU_1p,, ()

I=10+2

= factor * ig DU (0) + 10,11 (DU o, (3)

[=10+2

= factor* igz DU (D) + 16,1 (DU 44, (7)

I=10+1

=Ly (i) * factor + g,,,,(DU_,_, (i) (14)

(2) Calculate a gain of each sub-band. The gain of each sub-band is calculated by using the following formulas:
g @ — * phead )
E,()=10 logIO(E(z))(ls)

where E (i) is a decibel value of E(j);

E, (i) =10*10og10(E(i)) 16

E (i) where E 4 (i) is a decibel value of E(i); and

G(H)=0.1, E,@()-E,({)<=0
G(i) = (E,, (1) - B, ()*(1-0.1)/10+0.1

(B ()~ B,y (i) > 0) & (E,, (i) ~ E,, (i) <10)
Gi)=1,  E,G)-E,@{)>=10

(16)

In the foregoing formula, G(i) represents the gain of each sub-band; E (i) - Eg(i) <= 0 represents that an
estimated echo is louder than an original echo; in this case, a lower limit 0.1 is used as the gain of the sub-
band; E4,(/) - Edb(/) >= 10 represents that the original echo is 10 DB louder than the estimated echo, where, in
this case, it may be basically considered that no echo exists in signals collected by a microphone, and an upper
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limit 1 is used as the gain of the sub-band; (E (/) - T:'db(i) >0) & (Egp(i) - T:'db(i) < 10) represents that the original
echo is 0 DB to 10 DB louder than the estimated echo, where, in this case, a value of the gain of the sub-band
ranges from 0.1 to 1, and is in direct proportion to a DB difference of (E (i) - E ().

(3) After calculating the gain of the sub-band, obtain a gain G,4(k) of each spectral line of a high band, that is,
aresidual echo suppression coefficient can be obtained by using gain interpolation between adjacent sub-bands.

G(k) =w,(HG@) +w, (-G ~1)

where W, (i) is a coefficient used in the calculation of the energy of each sub-band in the foregoing.

S205: Multiply a result output by the RES low-band module and the residual echo suppression coefficient output
by the RES high-band module, to obtain and output a signal E’(k) of which echoes are canceled.

S207: Perform inverse fast Fourier transformation (IFFT, Inverse Fast Fourier Transformation) on the signal
E’(k) of which the echoes are canceled, then backfill a noise, and output a final processed signal.

It should be noted that a noise backfill module determines, according to an NLP identifier, whether a current
frame is a residual echo; if yes, backfills a noise; otherwise, determines a VAD identifier; if the current frame is
the noise, stores a noise signal in a noise buffer area.

In the embodiment of the present invention, a signal is divided into a high-band signal and a low-band signal,
an existing echo cancelation algorithm is used for the low-band signal, and an envelope prediction echo sup-
pression algorithm is used for the high-band signal, thereby achieving an effect of greatly reducing calculation
complexity, and at the same time avoiding a problem of echo leakage on sub-band adaptive filtering edges.

(17)

[0030] In addition, an embodiment of the present invention provides an AEC module for echo cancelation, including:

a reference signal analysis filter, configured to process a reference signal into a high-band reference signal and a
low-band reference signal, output the high-band reference signal to an artificial echo synthesis filter, and output the
low-band reference signal to an adaptive filter;

a to-be-processed audio signal analysis filter, configured to process a to-be-processed audio signal into a to-be-
processed high-band audio signal and a to-be-processed low-band audio signal, output the to-be-processed high-
band audio signal to a preliminary echo cancelation signal synthesis filter, and output the to-be-processed low-band
audio signal to the adaptive filter;

the adaptive filter, connected to the reference signal analysis filter and the to-be-processed audio signal analysis
filter, and configured to perform adaptive filtering processing on the low-band reference signal to generate a low-
band artificial echo signal, and output the low-band artificial echo signal to the artificial echo synthesis filter; and
perform adaptive filtering processing on the to-be-processed low-band audio signal to generate a low-band prelim-
inary echo cancelation signal, and output the low-band preliminary echo cancelation signal to the preliminary echo
cancelation signal synthesis filter;

the artificial echo synthesis filter, connected to the adaptive filter and configured to synthesize the high-band reference
signal and the low-band artificial echo signal into an artificial echo signal, and output the artificial echo signal to an
RES device; and

the preliminary echo cancelation signal synthesis filter, connected to the adaptive filter and configured to synthesize
the to-be-processed high-band audio signal and the low-band preliminary echo cancelation signal into a preliminary
echo cancelation signal, and output the preliminary echo cancelation signal to an RES module.

[0031] It should be noted that a process of QMF analysis and processing by a synthesis filter is shown in FIG. 9. After
an input signal x(n) is filtered by a low-pass filter HO(z) and a high-pass filter H1(z), two-fold downsampling is performed,
and then low-band processing and high-band processing are performed separately; then, two-fold upsampling is per-

formed separately, and synthesis filters FO(z) and F1(z) perform filtering; a synthesized signal y(n) is output after adding
up. To eliminate aliasing, the filters are subject to the following limitation:

H1(z)=HO0(~2)

GO(z)=2*H1(~z)=2*H0(z)
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Gl(z)=—2*H1(—2)=—-2*H0(z)

[0032] In atime domain, hO(i)=h(i), i=0,1 ... N-1, where N is a length of the filter; then:

1= ng)
g0(i)=2h(i)

gl(iy=2* "D ng)

[0033] Therefore, during design of the filter, only the low-pass analysis filter needs to be designed, and other filters
may be obtained according to the low-pass analysis filter with reference to the foregoing parameters.

[0034] In addition, an embodiment of the present invention further provides an RES module for echo cancelation,
including:

an FFT transformation module, configured to perform FFT transformation on a reference signal, a to-be-processed
audio signal, an artificial echo signal, and a preliminary echo cancelation signal, to generate a reference frequency
domain signal, a to-be-processed frequency domain audio signal, an artificial echo frequency domain signal, and
a preliminary echo cancelation frequency domain signal, respectively; and input the to-be-processed frequency
domain audio signal,

the artificial echo frequency domain signal, and the preliminary echo cancelation frequency domain signal to an
RES low-band module, and input the reference frequency domain signal and the preliminary echo cancelation
frequency domain signal to an RES high-band module;

the RES high-band module, configured to perform envelope prediction echo suppression on a high-band signal in
the preliminary echo cancelation frequency domain signal, and calculate and output a residual echo suppression
coefficient; and

the RES low-band module, configured to perform echo suppression on a low-band signal in the preliminary echo
cancelation frequency domain signal, and output a processing result.

[0035] The RES high-band module includes:

a module for calculating energy of each sub-band of a preliminary echo cancelation frequency domain signal,
configured to calculate energy of each sub-band of the preliminary echo cancelation frequency domain signal and
output the energy of each sub-band of the preliminary echo cancelation frequency domain signal to a sub-band gain
calculation module;

a module for calculating energy of each sub-band of a reference frequency domain signal, configured to calculate
energy of each sub-band of the reference frequency domain signal and output the energy of each sub-band of the
reference frequency domain signal to the sub-band gain calculation module;

an IFFT transformation module, configured to perform IFFT transformation on a low-band echo filtering coefficient
to generate a low-band impulse response of a time domain, and output the impulse response to a high-pass filtering
module;

the high-pass filtering module, connected to the IFFT transformation module and configured to perform high-pass
filtering processing on the low-band impulse response of the time domain to generate a high-band impulse response,
and output the high-band impulse response to a high-band envelope prediction coefficient calculation module;

the high-band envelope prediction coefficient calculation module, connected to the high-pass filtering module and
configured to calculate a high-band envelope prediction coefficient according to the high-band impulse response,
and output the high-band envelope prediction coefficient to an EDC slope calculation module and the sub-band gain
calculation module;

the EDC slope calculation module, connected to the high-band envelope prediction coefficient calculation module
and configured to calculate an EDC slope and output the EDC slope to an attenuation factor calculation module;
the attenuation factor calculation module, connected to the EDC slope calculation module, and configured to calculate
an attenuation factor according to the EDC slope, and output the attenuation factor to the sub-band gain calculation
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module;

the sub-band gain calculation module, connected to the module for calculating energy of each sub-band of a pre-
liminary echo cancelation frequency domain signal, the module for calculating energy of each sub-band of a reference
frequency domain signal, the high-band envelope prediction coefficient calculation module, and the attenuation
factor calculation module, and configured to calculate a gain of a sub-band according to the energy of each sub-
band of the preliminary echo cancelation frequency domain signal, the energy of each sub-band of the reference
frequency domain signal, the high-band envelope prediction coefficient, and the attenuation factor, and output the
gain of the sub-band to a module for calculating a gain of each spectral line of a high band; and

the module for calculating a gain of each spectral line of a high band, connected to the sub-band gain calculation
module and configured to calculate a gain of each spectral line of a high band, namely, a residual echo suppression
coefficient, according to the gain of the sub-band.

[0036] The device provided in the embodiments of the present invention divides a signal into a high-band signal and
alow-band signal, uses an existing echo cancelation algorithm for the low-band signal, and uses an envelope prediction
echo suppression algorithm for the high-band signal, thereby achieving an effect of greatly reducing calculation com-
plexity, and at the same time, avoiding a problem of echo leakage on sub-band adaptive filtering edges. Finally, it should
be noted that the foregoing embodiments are merely intended for describing the technical solutions of the present
invention but not for limiting the present invention. Although the present invention is described in detail with reference
to the foregoing embodiments, persons of ordinary skill in the art should understand that they may still make modifications
to the technical solutions described in the foregoing embodiments or make equivalent replacements to some technical
features thereof, without departing from the spirit and scope of the technical solutions of the embodiments of the present
invention.

Claims
1. An echo cancelation method, wherein the method comprises the following steps:

dividing a to-be-processed audio signal into a to-be-processed high-band audio signal and a to-be-processed
low-band audio signal;

performing adaptive filtering echo cancelation processing on the to-be-processed low-band audio signal, and
skipping performing adaptive filtering echo cancelation processing on the to-be-processed high-band audio
signal, to generate a preliminary echo cancelation signal; and

performing envelope prediction echo suppression on a high-band signal in a preliminary echo cancelation
frequency domain signal, and calculating and outputting a residual echo suppression coefficient; performing,
by using an RES module, echo suppression on a low-band signal in the preliminary echo cancelation frequency
domain signal, and outputting a processing result; and multiplying the output result and the residual echo
suppression coefficient, and outputting a signal of which echoes are canceled.

2. The echo cancelation method according to claim 1, wherein the dividing a to-be-processed audio signal is performed
by using QMF analysis filtering.

3. The echo cancelation method according to claim 1, wherein the step B comprises:

generating a low-band preliminary echo cancelation signal after the to-be-processed low-band audio signal
undergoes the adaptive filtering processing; and

generating the preliminary echo cancelation signal after the low-band preliminary echo cancelation signal and
the to-be-processed high-band audio signal undergo synthesis filtering.

4. The echo cancelation method according to claim 1 or 3, wherein the step B further comprises:

performing, by an AEC module, QMF analysis filtering on a reference audio signal to generate a high-band
reference audio signal and a low-band reference audio signal;

performing, by the AEC module, adaptive filtering processing on the low-band reference audio signal to generate
a low-band synthesis echo signal; and

performing, by the AEC module, QMF synthesis filtering processing on the high-band reference audio signal
and the low-band synthesis echo signal to generate a synthesis echo signal.
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5. The echo cancelation method according to claim 1, wherein before the step C, the method further comprises:

generating the preliminary echo cancelation frequency domain signal after the preliminary echo cancelation
signal undergoes FFT transformation.

6. The echo cancelation method according to claim 1, wherein the calculating a residual echo suppression coefficient

7.

10.

comprises:

calculating energy of each sub-band of the preliminary echo cancelation frequency domain signal, calculating
energy of each sub-band of a reference frequency domain signal, calculating energy of each sub-band of a
residual echo frequency domain signal, calculating a high-band envelop prediction coefficient, and calculating
an attenuation factor of the high-band envelop prediction coefficient;

calculating a gain of each sub-band of a high-band signal in the preliminary echo cancelation frequency domain
signal according to the energy of each sub-band of the preliminary echo cancelation frequency domain signal,
the energy of each sub-band of the reference frequency domain signal, the energy of each sub-band of the
residual echo frequency domain signal, the high-band signal envelop prediction coefficient in the preliminary
echo cancelation frequency domain signal, and the attenuation factor of the high-band envelop prediction co-
efficient; and

calculating a gain of each spectral line of the high-band signal in the preliminary echo cancelation signal, namely,
the residual echo suppression coefficient, according to the gain of each sub-band of the high-band signal in the
preliminary echo cancelation signal.

The echo cancelation method according to claim 6, wherein the method for calculating a high-band signal envelop
prediction coefficient in the preliminary echo cancelation frequency domain signal is:

calculating the envelop prediction coefficient according to a formula

BN+ N -1

n={*Y

E

wherein

g[(i) represents the envelope prediction coefficient, N represents a frame length, and h,(i) represents an echo
impulse response of each sub-band of the high-band signal in the preliminary echo cancelation frequency
domain signal; and

a method for obtaining h,(i) is: performing IFFT transformation on a low-band echo filtering coefficient H(k) to
obtain a low-band impulse response of a time domain, and then performing high-pass filtering processing on
the low-band impulse response to obtain a high-band impulse response h,(i).

The echo cancelation method according to claim 6, wherein the method for calculating energy of each sub-band is:

calculating energy of a sub-band of an early-stage echo, and calculating energy of a sub-band of a later-stage
echo; and

adding the energy of the sub-band of the early-stage echo and the energy of the sub-band of the later-stage
echo to obtain the energy of the sub-band.

The echo cancelation method according to claim 1, wherein a relationship between the high-band signal in the
preliminary echo cancelation frequency domain signal and the low-band signal in the preliminary echo cancelation
frequency domain signal is that the two overlaps to eliminate an aliasing effect.

The echo cancelation method according to any one of claims 1, 2, and 3, wherein before the dividing a to-be-
processed audio signal into a to-be-processed high-band audio signal and a to-be-processed low-band audio signal,
an audio collection device is used to collect the to-be-processed audio signal, wherein the to-be-processed audio
signal comprises: an echo audio signal, a local end signal, and a noise signal.

11. An AEC module for echo cancelation, wherein the AEC module comprises:
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a reference signal analysis filter, configured to process a reference signal into a high-band reference signal and
a low-band reference signal, output the high-band reference signal to an artificial echo synthesis filter, and
output the low-band reference signal to an adaptive filter;

a to-be-processed audio signal analysis filter, configured to process a to-be-processed audio signal into a to-
be-processed high-band audio signal and a to-be-processed low-band audio signal, output the to-be-processed
high-band audio signal to a preliminary echo cancelation signal synthesis filter, and output the to-be-processed
low-band audio signal to the adaptive filter;

the adaptive filter, connected to the reference signal analysis filter and the to-be-processed audio signal analysis
filter, and configured to perform adaptive filtering processing on the low-band reference signal to generate a
low-band artificial echo signal, and output the low-band artificial echo signal to the artificial echo synthesis filter;
and perform adaptive filtering processing on the to-be-processed low-band audio signal to generate a low-band
preliminary echo cancelation signal, and output the low-band preliminary echo cancelation signal to the prelim-
inary echo cancelation signal synthesis filter;

the artificial echo synthesis filter, connected to the adaptive filter and configured to synthesize the high-band
reference signal and the low-band artificial echo signal into an artificial echo signal, and output the artificial echo
signal to an RES device; and

the preliminary echo cancelation signal synthesis filter, connected to the adaptive filter and configured to syn-
thesize the to-be-processed high-band audio signal and the low-band preliminary echo cancelation signal into
a preliminary echo cancelation signal, and output the preliminary echo cancelation signal to an RES module.

12. An RES module for echo cancelation, wherein the RES module comprises:

an FFT transformation module, configured to perform FFT transformation on a reference signal, a to-be-proc-
essed audio signal, an artificial echo signal, and a preliminary echo cancelation signal, to generate a reference
frequency domain signal, a to-be-processed frequency domain audio signal, an artificial echo frequency domain
signal, and a preliminary echo cancelation frequency domain signal, respectively; and input the to-be-processed
frequency domain audio signal, the artificial echo frequency domain signal, and the preliminary echo cancelation
frequency domain signal to an RES low-band module, and input the reference frequency domain signal and
the preliminary echo cancelation frequency domain signal to an RES high-band module;

the RES high-band module, configured to perform envelope prediction echo suppression on a high-band signal
in the preliminary echo cancelation frequency domain signal, and calculate and output a residual echo suppres-
sion coefficient; and

the RES low-band module, configured to perform echo suppression on a low-band signal in the preliminary
echo cancelation frequency domain signal, and output a processing result.

13. The RES module according to claim 12, wherein the RES high-band module comprises:

a module for calculating energy of each sub-band of a preliminary echo cancelation frequency domain signal,
configured to calculate energy of each sub-band of the preliminary echo cancelation frequency domain signal
and output the energy of each sub-band of the preliminary echo cancelation frequency domain signal to a sub-
band gain calculation module;

amodule for calculating energy of each sub-band of a reference frequency domain signal, configured to calculate
energy of each sub-band of the reference frequency domain signal and output the energy of each sub-band of
the reference frequency domain signal to the sub-band gain calculation module;

an IFFT transformation module, configured to perform IFFT transformation on alow-band echofiltering coefficient
to generate a low-band impulse response of a time domain, and output the impulse response to a high-pass
filtering module;

the high-pass filtering module, connected to the IFFT transformation module and configured to perform high-
pass filtering processing on the low-band impulse response of the time domain to generate a high-band impulse
response, and output the high-band impulse response to a high-band envelope prediction coefficient calculation
module;

the high-band envelope prediction coefficient calculation module, connected to the high-pass filtering module
and configured to calculate a high-band envelope prediction coefficient according to the high-band impulse
response, and output the high-band envelope prediction coefficient to an EDC slope calculation module and
the sub-band gain calculation module;

the EDC slope calculation module, connected to the high-band envelope prediction coefficient calculation module
and configured to calculate an EDC slope and output the EDC slope to an attenuation factor calculation module;
the attenuation factor calculation module, connected to the EDC slope calculation module, and configured to
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calculate an attenuation factor according to the EDC slope, and output the attenuation factor to the sub-band
gain calculation module;

the sub-band gain calculation module, connected to the module for calculating energy of each sub-band of a
preliminary echo cancelation frequency domain signal, the module for calculating energy of each sub-band of
a reference frequency domain signal, the high-band envelope prediction coefficient calculation module, and the
attenuation factor calculation module, and configured to calculate a gain of a sub-band according to the energy
of each sub-band of the preliminary echo cancelation frequency domain signal, the energy of each sub-band
of the reference frequency domain signal, the high-band envelope prediction coefficient, and the attenuation
factor, and output the gain of the sub-band to a module for calculating a gain of each spectral line of a high
band; and

the module for calculating a gain of each spectral line of a high band, connected to the sub-band gain calculation
module and configured to calculate a gain of each spectral line of a high band, namely, a residual echo sup-
pression coefficient, according to the gain of the sub-band.
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